Members of the TGFb, Wnt and FGF families act in concert to induce and pattern the mesoderm of gastrulating embryos. Downstream effectors for these growth factors include homeobox proteins, which also feed back to activate and repress upstream signaling pathways (e.g. Fainsod, A., Steinbeisser, H., De Robertis, E.M. 1994. On the function of BMP-4 in patterning the marginal zone of the Xenopus embryo. EMBO J. 13, 5015-5025; Carnac, G., Kodjabachian, L., Gurdon, J.B., Lemaire, P. 1996. The homeobox gene Siamois is a target of the Wnt dorsalization pathway and triggers organizer activity in the absence of mesoderm. Development 122, 3055-3065). As well as having interwoven upstream and downstream regulatory pathways Mix.1, siamois and goosecoid, all paired-type homeobox genes, may physically interact with each other as heterodimers to regulate dorsal-ventral polarity (Mead, P.E., Brivanlou, I.H., Kelley, C.M., Zon, L.I. 1996. BMP-4 responsive regulation of dorsal-ventral patterning by the homeobox protein Mix.1. Nature 382, 357-360). We report here a chicken paired-type homeobox gene, CMIX, with a homeodomain having 72% aa identity to its nearest homolog, Xenopus Mix.1. CMIX is expressed in the epiblast of the posterior marginal zone of early chick embryos, and later along the entire anterior-posterior axis of the primitive streak in cells of the medial ectoderm, in nascent mesoderm, but not in endoderm. Coincident with formation of prechordal mesoderm, CMIX mRNA levels rapidly decline throughout the embryo.
Results
The homeodomains of CMIX and Mix.1 (Rosa, 1989) have 72% amino acid (aa) identity (Fig. 1A ) but differ more than twice as much as 21 other identified chicken/ Xenopus orthologs, the most divergent of which, anf/ Xanf-1 (U65436, X60099), have 87% aa identity in the homeodomain. Apart from the homeodomain, CMIX and Mix.1 share only an acidic 5-aa carboxy-terminal sequence, '(E/D)WEEN'. Amino-and carboxy-terminal to the homeodomain, CMIX contains 25% proline residues, including a type I SH3-binding consensus sequence 'xPxPPxP' (Feng et al., 1994) . In parallel work, Stein et al. (1998) describe the same sequence containing a 221-bp deletion in the coding region, resulting in an alternative reading frame in the 3′ end of the gene. Although the name assigned to this gene acknowledges its close relationship to the Xenopus Mix.1 and Mix.2 genes, a clear understanding of the degree of functional homology between CMIX and these genes requires further study.
Northern blot and RNase protection assays (Fig. 1B-D ) show that maximum CMIX expression occurs in primitive streak embryos (Hamburger and Hamilton (1951) stages HH 3-4; 12-25 h of incubation), while a much lower level of expression remains after axial mesoderm (prechordal plate, head process and notochord) formation begins (HH stage 5 and later). The tissue-specific pattern of this low-level expression has not been determined. CMIX is expressed at stage XI (Eyal-Giladi and Kochav, 1976) in the posterior epiblast ( Figs. 2A and 3A) , overlapping the domains of goosecoid (Izpisua-Belmonte et al., 1993) , brachyury (Kispert et al., 1995) and Ch-Tbx6L (Knezevic et al., 1997) . During the primitive streak stage of development (Fig. 2B-C) the domain of CMIX expression, the medial ectoderm and mesoderm (Fig. 3B,C) , is similar to that of brachyury (Kispert et al., 1995) .
Methods
CMIX was identified initially using a single-sided PCR strategy (Peale et al., 1998) . A full-length cDNA was subsequently identified in a Uni-Zap XR lambda phage library (Stratagene) constructed from HH stage 3-6 embryo mRNA. The sequence of the gene (GenBank U34615) was determined from multiple independent phage isolates by manual (Sequenase 2.0, USB) and automated sequencing (ABI) of both strands. Whole mount in situ hybridization, performed essentially as described (Riddle et al., 1993; Barth and Ivarie, 1994) , used riboprobes complementary to nucleotides 119-309 of the CMIX coding sequence. Well-stained embryos were cryosectioned at 25 mm and photographed on a Nikon Microphot XFA with Nomarski optics. Northern blots were probed with digoxigenin-labeled riboprobes and developed using chemiluminescent substrate (CSPD; Boehringer Mannheim). RNase protection assays were performed with the HybSpeed RPA kit (Ambion). RPA probes were prepared to protect CMIX (nts 168-351), brachyury (GenBank U67086; nts , goosecoid (GenBank X70471; nts 1735 -1936 , Ch-Tbx6L (GenBank U67088; nts 955-1218), and cytoplasmic bactin (GenBank L08165; nts 210-325). Fig. 2 . CMIX expression in gastrulating chick embryos. Whole mount in situ hybridization reveals CMIX transcripts in the posterior marginal zone at E.K. stage XI (A), in the primitive streak at HH stages 2 (B) and 3 (C), and in the lateral plate at HH stage 3 (C). Transcript down-regulation at stages HH 4 (D) and 5 (E-G) coincides with axial anterior mesoderm formation and primitive streak regression.
